Tsc1 is a Critical Regulator of Macrophage Survival and Function

Introduction
Tuberous sclerosis complex 1 (TSC1) and Tuberous sclerosis complex 2 (TSC2) form a complex to regulate metabolism and energy homeostasis via inhibition of mammalian target of rapamycin complex 1 (mTORC1) [1] . Loss-of-function mutations in TSC1 or TSC2 result in elevated activity of mTORC1, which leads to increased cell growth and proliferation. mTORC1 controls activation of p70 S6 kinase and eukaryotic initiation factor 4E-binging protein 1 to orchestrate transcriptional expression and translation of critical proteins involved in metabolic processes [2] .
Recent studies have highlighted an important function of Tsc-mTOR signaling pathway in regulation of innate and adaptive immunity [3] [4] [5] . Macrophages play an essential role in the initiation and resolution of both innate and adaptive immunity, and are critical for protective immunity and immune-mediated pathology [6, 7] . Macrophages exert different biological function through phagocytosis, pathogens clearance as well as secretion of a bunch of cytokines and chemokines. Activated macrophages include three phenotypes: M1 that is involved in host defense, M2 that is involved in immuno-suppression and promotes wound healing, and regulatory macrophages that is involved in immunoregulation [8] . M1 macrophages are induced by Toll-like receptor (TLR) agonists or Th1 cytokines to produce CCL2, CCL8, CCL7, CCL13. CCR5 binds CCL4, CCL5, CCR2 and CCR5, macrophages secret a set of chemokines which affect angiogenesis and the expression of CCL2, CXCL8, CCL5, CCL8 and CCL4 in the THP-1 cells induced by LPS and human primary monocytes [14] . The stimulated production of reactive oxygen species (ROS) viral infection, ROS mediate innate immune signaling or generate danger signals to activate immune cells to elicit defending responses against pathogens.
Here we demonstrate that mice with Tsc1 deletion in myeloid cells showed decreased polarization of both M1 and M2 phenotypes in steady-state condition and after treatment with due to reduced expression of chemokine receptors. Phagocytosis and ROS production were on CD4 + the survival, migration and phagocytic function of macrophage, and mTORC1 was involved in Tsc1 signalling. 
Isolation of splenocytes and lymph node cells
Flow cytometry for V Cell Apoptosis Analysis Kit (Tianjin Sungene Biotech) was used to determine apoptosis of cells positive for ® PE, anti-mLy6C-PerCP-Cy5.5, anti-mCD11b-APC were purchased from eBioscience. Anti-mCD86-PerCP-
Rapa treatment
Rapa (Cayman Chemical) was dissolved in PBS containing 5% DMSO and mice were injected
RT-PCR
with M-MLV reverse transcriptase (TransGen Biotech) according to the manufacturer's instructions. RT-PCR was determined using SYBR Green Master Mix (Life Technologies TM ). The primers used in the present study are listed in Table 1 . The cycling threshold value of the GAPDH was subtracted from the cycling threshold Arginase activity assay Arginase activity of primary macrophages was determined as 1×10 5 cells per sample were harvested and washed with PBS. The cells were lysed for 10 min in 100 ul Tris-HCL (100 mM, pH 7.4) containing 1 uM pepstatin A , 1 uM leupetin, and 0.4% Triton X-100. The lysate was centrifuged and supernatant was plate with appropriate blank controls. Samples were mixed with 10 ul of the substrate buffer and incubated at 37 for 2 h. Urea reagent was then added to the individual wells to stop the arginase reaction. The absorbance was measured at 430 nm and enzyme to the kit instructions after incubating at room tempereture for another 60 min. 
In vitro chemotaxis assay
In vitro phagocytosis assay
The phagocytosis of macrophages was determined using a Vybrant 
Results
Tsc1 promotes macrophage survival
To address the role of Tsc1 in macrophage, we generated mice with Tsc1 deletion was dependent on mTORC1, the mice were treated with Rapa in vivo for 3 days. The macrophages isolated from Tsc1 KO mice pretreated with Rapa rescued the increased These results indicated a direct role of Tsc1 in promoting macrophage survival via mTORC1-dependent pathways. Tsc1 KO mice showed less absolute numbers of macrophages in the spleens compared
Tsc1 restrains macrophage growth
The mice were treated with Rapa to further determine the increased cell size of Tsc1-macrophage growth via inhibiting activation of mTORC1 which may be ascribed to the 
Tsc1 promotes expression of chemokine receptors and migration of macrophage
To further determine whether the changes of chemokine receptors and chemokines Tsc1 KO mice were increased compared with those in macrophages isolated from untreated the expression of CCR2, CCR5, CCL3, CCL4, CCL7, CCL8 via mTORC1-dependent manner, and regulates the expression of CCL2 and CCL5 via mTORC1-independent manner. , , polarization mainly on mTOR-independent manners, and mTOR may also play a role in Tsc1 regulating M1 polarization of macrophage. macrophages which are involved in the pathogenesis of animal models of transplant important roles in the chemoattraction of cells of the immune system, altered expression expression of chemokines including CCL2, CCL3, CCL4, CCL5, CCL7, CCL8 on both mTORC1-dependent and independent pathways. These data were consistent with a previous study showing that disruption of mTORC1 in macrophages decreased the expression of CCL2, CCL6, macrophage migration and chemokines expression via mTORC1-dependent pathway [31] .
Tsc1 regulates phagocytosis and ROS production in macrophage
Macrophage is an important component of innate cellular immunity and is involved in host defense and immunity against foreign microorganisms including bacteria, viruses, 
Cellular Physiology and Biochemistry
These results suggested that Tsc1 is a key regulator of macrophage.
macrophages, it exhibited strong inhibitory effects on CD4 + T cells activation. This may be + and CD8 + T effecter cells were detected in the spleens is a key player in regulating homeostasis of organism.
polarization and phagocytosis, majorly via mTORC1-dependent pathways under steady-state condition. Although loss of Tsc1 in myeloid cells does not cause fatal autoimmune diseases in our study, Tsc1 is essential for maintaining stability of macrophage to protect spontaneous lymphopolifeative disorder in physiological conditions. The precise mechanism of Tsc1 in regulating the macrophage survival, function and stability need to be further researched and Tsc1 may be serve as a target in the treatment of some immune diseases in the future.
